The natural occurrence of established Helicobacter species was investigated in the stomachs of 65 laboratory rabbits, by means of polymerase chain reaction (PCR) (65/65) and histological analysis (51/65). The degree of inflammation in the different regions of the rabbits' stomach was evaluated on haematoxylin and eosin (HE)-stained histological slides. Four rabbits were found positive for Helicobacter species by PCR. Based on 16S ribosomal ribonucleic acid (rRNA) sequences, H. canadensis/H. pullorum organisms were identified in three animals. Bacteria were seen on merely one histological slide from one of these animals. H. felis was identified in one rabbit. Histological examination revealed no inflammation in the stomachs of 40 rabbits, while moderate gastric inflammation was seen in 11 animals, mainly in the antrum. In conclusion, the stomach of the laboratory rabbits included in the study was occasionally found positive for Helicobacter species, which were mostly identified as enterohepatic helicobacters, probably reflecting a mere passage of these bacteria through the stomach.
Helicobacter species are frequently found in the gastrointestinal tract of laboratory animals, including mice, rats, hamsters, ferrets, cats and dogs. Besides decreasing animal welfare by disease infliction, infections with Helicobacter species may also disturb the outcome of certain experiments. This may be due to a higher animal loss during experiments, jeopardizing a reliable statistical outcome. In addition, it has been speculated on several occasions that severely infected laboratory animals may constitute a risk for the people handling these animals.
Most of the species found in the caecum or large intestine of mice are not related to a specific pathology and are considered natural inhabitants. However, some species are able to ascend the hepatic tract, thereby inducing disease both in normal and immuno-incompetent animals. These include H. hepaticus and H. bilis, both involved in the development of hepatitis and liver cancer in mice (Fox & Lee 1997) , and both identified in the liver of human patients suffering from chronic hepatitis (Fox et al. 1998) . Likewise, H. muridarum, a natural inhabitant of the mouse intestine, is able to allocate itself a niche in the gastric mucosa of older animals, prompting severe inflammation (Lee et al. 1992 , Queiroz et al. 1992 . Some mouse strains are very susceptible to Helicobacter infections (Fox & Lee 1997 , Nilsson et al. 2004 .
H. trogontum is often present in the intestinal tract of rats, and can also colonize the small intestine of mice, inducing relatively limited lesions at the level of the crypts (Mendes et al. 1996 , Moura et al. 1998 . Hamsters harbour different Helicobacter species, including H. cinaedi, H. mesocricetorum, H. cholecystus and H. aurati; a number of these are associated with human pathology (Orlicek et al. 1993 , Fox & Lee 1997 . H. mustelae is widespread in the ferret population (Fox et al. 1990 ).
The larger laboratory animals, i.e. cats and dogs, are generally infected with spiral bacteria (Eaton et al. 1996) , which have been identified as H. felis, H. bizzozeronii and H. salomonis (Jalava et al. 1997) . These organisms are both morphologically and genetically highly related, with an exceptionally high similarity within the 16S ribosomal ribonucleic acid (rRNA) gene (>97%). The pathological potential of these organisms for the animals themselves, is still a matter of debate. These Helicobacter species have, however, been identified in the stomachs of human patients suffering from gastric disease and are nowadays ascribed a zoonotic character (Van den Bulck et al. 2005b) .
In strong contrast to the above-mentioned animal species, no information on the occurrence of spiral-shaped organisms in the gastric mucosa of experimental lagomorphs is available, despite the frequent use of rabbits as laboratory animals. The accomplishment of this knowledge could assist in defining more accurately the microbial status of this animal species and the possible influence on its welfare and its use in laboratory experiments.
In view of this, the present study aimed to investigate the occurrence of Helicobacter species in the stomachs of laboratory rabbits, through histological and polymerase chain reaction (PCR) analysis of samples originating from different sites of the gastric mucosa.
Materials and methods

Animals
Sixty-five female single-housed conventional New Zealand white rabbits (CLO, Melle, Belgium), aged between six months and one year, were included in this study. Twenty-three rabbits were used in vaccine potency tests at the Faculty of Veterinary Medicine, Ghent University, Belgium. These animals were injected intramuscularly with an inactivated vaccine 10 weeks before euthanasia. The other 42 animals were used for studying bone augmentation on the rabbit skull by the use of full titanium membranes and tissue engineering at the Faculty of Medicine, University of Leuven, Belgium, as previously described (Van Steenberghe et al. 2003) . After surgery, these animals were treated for optimal recovery with penicillin (0.25 mL/ kg; Continental Pharma, Brussels, Belgium) and Temgesic (buprenorphine 0.03 mg/kg; Schering Plough, Heist op den Berg, Belgium) for two days.
All animals were in a good clinical condition, except for one (rabbit 1), which was suffering from severe respiratory disease and died a natural death. The other 64 rabbits were euthanized by intracardial injection of T61 (Intervet, Mechelen, Belgium) after full anaesthesia with a combination of 30 mg/kg ketamine (CEVA Santé Animale, Brussels, Belgium) and 5 mg/ kg xylazine (Xyl-M, VMD, Arendonk, Belgium), both administered parenterally.
The stomach was opened along the curvatura major and gently rinsed with lukewarm tapwater. Two samples from the antral, cardiac and corpus region of the stomach were collected, a first stored at À201C for PCR analysis and the other stored in 10% phosphate-buffered formalin for histopathological examination as described below. Intervals between euthanasia and sampling varied from 1 to 7 h; samples from rabbit 1 were taken 30 h after death.
Diagnostic PCR
Deoxyribonucleic acid (DNA) was extracted from the frozen specimens and from freshly Laboratory Animals (2006) 40 grown bacterial cultures using the DNeasy tissue kit (Qiagen, Hilden, Germany), according to the manufacturer's instructions.
First of all, in order to detect the eventual presence of bacteria belonging to the genus Helicobacter in the gastric mucosa, PCR was performed using primers GenusF and GenusR, complementary to a 400 bp region of the 16S rRNA gene of all established Helicobacter species (Helicobacter genusspecific PCR). PCR reactions were performed as previously described (Germani et al. 1997 1995) .
In all tests, the amplicons were analysed by gel electrophoresis as described elsewhere (Baele et al. 2004 ).
Sequencing of the 16S rRNA gene
Biopsy samples, which tested positive in the Helicobacter genus-specific PCR, were subjected to 16S rRNA gene amplification using primers complementary to the conserved edges. Consensus primers ab-NOT (5 0 AGT TTG ATC CTG GCT CAG, Escherichia coli position 10-27) and oMB (5 0 TAC CTT GTT ACG ACT TCG TCC CA, E. coli position 1507-1485) were used (Baele et al. 2001) .
A 1500 bp amplicon was ligated into a vector using the TOPO TA cloning kit (Invitrogen Life Technologies, Merelbeke, Belgium) and cloned into E. coli cells. Clones containing a Helicobacter 16S rRNA gene were detected using the genus-specific PCR (as described above) and the insert was sequenced using primers pD, gÃ, 3 and OÃ, as previously described (Coenye et al. 1999 ). Sequence analysis was performed using the ABI Prism TM 3100 Genetic Analyzer (Applied Biosystems, Foster City, USA).
Identification of H. felis, H. bizzozeronii and H. salomonis
Since sequencing of the 16S rRNA gene does not allow differentiation between H. felis, H. bizzozeronii and H. salomonis, samples which tested positive in the diagnostic PCR specific for the group of carnivorous Helicobacter species were additionally subjected to a multiplex PCR, which enabled the identification of these species. Samples were analysed through capillary electrophoresis (Baele et al. 2004) .
Histological evaluation
Only those samples not affected by postmortem degradation were included in the study. Tissue samples were embedded in paraffin and cut into 5 mm sections, which were stained with HE and Giemsa.
HE-stained sections were examined blindly to score the intensity of gastric inflammation. The degree of gastritis was evaluated using a scoring system described by De Bock et al. (2005) . Briefly, grade 0 was denoted as no increase in the number of inflammatory cells, while very mild infiltration of lymphocytes and/or few local neutrophils in the lamina propria was scored as 1. Uniform infiltration of the lamina propria by lymphocytes, plasma cells, eosinophils and scattered neutrophils in the lamina propria with no leucopedesis in the regions of the gastric pits was graded as 2, and a moderately dense infiltration of the lamina propria by lymphocytes and plasma cells with a tendency to follicular organization was scored as 3.
Giemsa-stained sections were likewise examined to determine the presence and the distribution of spiral bacteria (0 ¼ no bacteria, 1 ¼ bacteria present) in the different regions of the stomach.
Results
Diagnostic PCR
A positive signal in the genus-specific PCR was obtained for all positive control samples and for the stomachs of four rabbits (numbers 1, 62, 63 and 65). In rabbit 1, both the corpus and the fundus tested positive. Positive signals were obtained in the antrum and the fundus of rabbit 63, while the two remaining rabbits were positive in either the fundus (62) or the corpus (65).
A 78 bp 16S rDNA fragment, common to H. bizzozeronii, H. salomonis and H. felis, was amplified from DNA extracts of the three stomach regions from rabbit 1. The samples of the other three rabbits (62, 63 and 65) tested negative in this PCR.
Testing of sensitivity showed that samples containing at least 10 bacteria were positive in both diagnostic PCR tests, while samples containing less then 10 bacteria were negative.
Identification through 16S rRNA gene analysis and multiplex PCR
Sequence analysis of the 16S rRNA gene of the Helicobacter species in the stomachs of the three rabbits with positive results in the genus-specific PCR only (rabbits 62, 63 and 65) revealed high similarity (> 97%) with H. canadensis/H. pullorum. Identification of the DNA present in the stomach of rabbit 1 denoted H. felis as the infecting organism through the multiplex PCR.
Histological evaluation
In total, the stomachs of 51 animals were evaluated histologically as the samples of these animals were not affected by autolysis. The gastric mucosa of rabbit 1, which was found positive for H. felis, could not be examined due to severe postmortem degradation.
The inflammation score was 0 or 1 in 40 stomachs, reflecting a normal histological picture. Scores 2 and 3, corresponding to moderate inflammation, were noticed in 11 stomachs, mostly seen in the antrum. Infiltration of inflammatory cells occurred mainly in the submucosa and lamina propria, and consisted of lymphocytes and a few neutrophils. No tissue changes such as dysplasia, mucosal atrophy or metaplasia were noticed.
Only 1-8 helically shaped bacteria were noticed in two of the 51 rabbits (rabbits 61 and 63), as seen on Giemsa-stained slides, both in a gastric pit in the cardiac region, apparently not adherent to the mucosal surface. Only the biopsy specimens of rabbit 63 reacted positive in the genus-specific PCR. No other organisms were markedly present on the histological slides.
Discussion
This study is the first to investigate the presence of Helicobacter species in the stomachs of laboratory rabbits, and was partly initiated on the basis of the results of a recent research pointing out the sporadic presence of H. salomonis and H. felis in pet rabbits (Van den Bulck et al. 2005a) .
DNA belonging to bacteria from the genus Helicobacter was detected by means of PCR in four rabbits (numbers 1, 62, 63 and 65). Further application of the multiplex PCR to identify these organisms up to the species level revealed rabbit 1 to be positive for H. felis. Unfortunately, histological evaluation of the gastric mucosa could not be performed because of a high degree of postmortem degeneration. Only one rabbit out of 65 rabbits found positive for the hitherto-defined gastric Helicobacter species could be considered as an anecdotical observation, although the species identified was H. felis. This organism has also been demonstrated in the stomachs of pet rabbits (Van den Bulck et al. 2005a) and it cannot be ruled out that Laboratory Animals (2006) 40 rabbits may act as a reservoir for this bacterium. The source of the H. felis infection remains unclear, as the research animals were not co-housed with cats or dogs in the animal unit nor did they have any contact with these natural hosts for this spiral organism.
The three other rabbits found positive in the genus Helicobacter-specific PCR (rabbits 62, 63 and 65) were carrying organisms related to H. canadensis-H. pullorum, as identified after sequence analysis of the 16S rRNA gene. These Helicobacter species have hitherto only been detected in the intestines of humans and chickens (Burnens et al. 1994 , Atabay et al. 1998 ), suggesting that the stomach is not the natural habitat of these organisms. Furthermore, these organisms are urease-negative, an enzyme which is required to survive and to persist in the gastric acidic environment (Dunn et al. 1997) . In view of this, the detection of H. canadensis/H. pullorum-like organisms in the stomachs of three rabbits most likely merely reflects a passage of these bacteria through the stomach. In addition, helical bacteria probably representing Helicobacter species were detected on only one histological slide of the stomach of rabbit 63, indicating that bacterial numbers were fairly low. The origin of these bacteria is unclear, as hitherto only humans and chickens have been identified as possible hosts for these organisms.
Overall, DNA of the genus Helicobacter was detected in the stomachs of four out of 65 rabbits (6.2%), which is consistently lower than the prevalence rate of H. hepaticus (10.9%) and H. rodentium (17.2%) in mice and H. rodentium in rats (29.4%) as described by Goto et al. (2000) in a Japanese animal unit. The results of the latter study and of our study are, however, not necessarily representative for other animal facilities around the world.
The histological evaluation of the gastric mucosa revealed mostly a mild influx of inflammatory cells, mainly lymphocytes, scattered throughout the lamina propria and the lamina submucosa. In some cases, a more moderate inflammation with follicular organization was noticed, which was mainly present in the antrum. This observation is similar to the mild gastric inflammation in dogs and cats, which is regularly observed, without any significant cause (Hermanns et al. 1995 , Happonen et al. 1998 ). In addition, this mild inflammation is generally not related to any clinical inconvenience in other animal species, and also most likely not in the rabbits included in this study, as none of the animals showed any sign of gastrointestinal discomfort.
In conclusion, the stomachs of the laboratory rabbits included in the study were occasionally found to be positive for Helicobacter species, which were mostly identified as enterohepatic helicobacters, probably reflecting a mere passage of these bacteria through the stomach. Additional studies involving more laboratory rabbits of different origins are required to draw definite conclusions regarding the threat of Helicobacter species in laboratory rabbits.
